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Abstract 
A photovoltaic (PV) systems output depends on the environmental parameters such as solar irradiance. The main 
priority in photovoltaic panels is electricity production. The aim of the presents work is to analyze the solar radiation 
received in Perlis, Northern of Peninsular Malaysia. The characteristic of solar irradiance is recorded per minutes for 
a month using Davis Vantage Pro2 Weather Station. The objective of this study is to analyze the electrical 
characteristic and relationships of solar irradiance and solar energy to the output of PV module respectively. 
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1. Introduction 
 
Environmental phenomenon, such as global warming and depletion of the ozone layer attributed to 
emissions from massive fuel combustion are slowly but surely causing widespread problems to every 
living thing on earth. Renewable energy, particularly photovoltaic technology is one very effective 
solution available today [1].  
Solar energy is in the form of electromagnetic radiation with the wavelengths ranging from about 
0.3μm (10-6m) to over 3μm. Most of this energy is concentrated in the visible and the near-infrared 
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wavelength range. The incident solar radiation sometimes called insolation, is measured as irradiance, or 
the energy per unit time per unit area or power per unit area [4].  
Solar energy is one of the most valuable sources of energy and the only single energy source that can 
supply an additional energy the world needed over the next several decades. Photovoltaic (PV) cells, 
modules and arrays allow the direct conversion of solar energy into electrical energy. The maximum 
efficiency of Photovoltaic (PV) at around 9-12%, depending on the type of solar cells. The monthly 
average daily solar radiation in Malaysia is 4000 – 5000W/ m2, with the monthly average sunshine 
duration ranging from 4 to 8 hours [2].  
The ideal PV system would provide electricity with purely sinusoidal waveform (unity power factor) 
at the maximum power available from the solar radiation at the specific location of the PV system 
modules, and with no losses in the conversion and power conditioning system. 
The amount of solar radiant energy falling on a surface per unit area and per unit time is called 
irradiance. Solar radiation measurements are one of the important to most engineering application. It is 
used for the design, sizing, performance evaluation and research of solar energy application. In this study, 
the main focus is laying on the analysis performance of solar energy in Perlis. By varying the solar 
irradiance, the electrical performance will also be investigated. The instruments used to collect and record 
the irradiance and solar energy, DavisVantage Pro2 Weather Station. These weather stations have been 
installed at Electrical Energy & Industrial Electronic (EEIES) Research Cluster located at Kangar, Perlis. 
In addition, this weather station can also collect and record the ambient temperature which is one of the 
important parameter that can influence the PV cell on the PV conversion efficiency.  
 
2. Theoretical basis 
2.1 Solar irradiance 
The output power of a PV array depends on various environmental factors such as solar irradiance. In 
order to calculate the amount of energy absorb by the PV cell, one has to know the value of solar 
irradiation G(t). Applying the open circuit condition, 0I = , to the ( )I V equation is given in [9]: 
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The open circuit voltage is given by: 
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From equation (2), it can be seen than the value of the open circuit voltage depends, logarithmically 
on the scI / 0I  ratio. This means that under constant temperature the value of the open circuit voltage 
scales logarithmically with the short circuit which, in turn scales linearly with irradiance resulting in a 
logarithmically dependence of the open circuit voltage with irradiance. This is also an important result 
indicating that the effect of the irradiance is much larger in the short circuit current than in the open 
circuit voltage. 
2.2 Mathematical formulation 
The total energy, Ec, absorbed by the PV cell is given by the following equation [8]: 
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Ec = ȡĮcĲg G(t)                                                                                                                                              (3) 
Where: 
G(t)        monthly average value of solar irradiance. 
ȡ             is the cell packing factor. It is defined as the   ratio of area of solar cell to the area of blank 
absorber. The PV panel has been set up at the clear are. It is mean that PV cell can absorb 100% 
of solar irradiance. So, the cell packing factor is assumed to be 1.  
Įc                 is cell absorptivity to sunlight. 
Ĳg                 is a fraction transmitted through the front glass and for this study, low iron glass was used which 
is equal to 0.95. 
Șe           is the cell electrical efficiency.  
Incident solar irradiation is converted by the PV module with efficiency Șe and it can be calculate by 
using the following equation: 
Șe = Ș0 [1-ȕ(Tc – T0)]                                                                                                                                    (4) 
Where: 
Ș0 = ௏௠௣ூ௠௣ீ஺                                                                                                                                                   (5) 
The value of Ș0 is measured under Standard Test Conditions (STC) and is available in every solar 
panel datasheet. STC specifies a temperature T0 of 25ºC and a normal irradiance G of 1000 W/m2 with air 
mass 1.5 (AM1.5) spectrums. A is the area of the PV module, Tc is the cell temperature, ȕ is the 
temperature coefficient of silicon cell, ȕ=0.0045 ºC-1. Polycrystalline silicon PV modules are used in this 
study. The insolation absorbed by the solar cell can be converted into electrical energy, Ece and the 
equations are shown respectively below, 
Ece = Șe ȡ Ĳg G(t)                                                                                                                                          (6) 
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Fig. 1. (a)Weather Station Data Centre; (b) Vantage Pro2 Weather Stations install at Cluster EEIES 
3. Result Analysis 
A second order polynomial equation was used to curve the real Weather Station data. The average 
solar radiance in April 2011 has been choosing for this study and it varies throughout the day from 
7.00am until 7.00pm. The solar irradiation is a function of time and the equation is shown below: 
 
G(t)= -20.3583t2 + 529.3158t – 2670.5527 
 
Where t is the time and the unit of t is minute. 
 
 
 
Fig 2. Monthly average value of solar irradiance 
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The curve seems to perfectly fit the real data in the morning, and the deviation of the curve started 
increasing after 11 am. Solar irradiance increases proportional with the time until it reaches the maximum 
and then begins to decline from evening until night. 
 
 
Fig 3. Incoming daily solar energy during a standard year 
 
The monthly solar energy shown in Figure 4 is collected in month March 2011 until September 2011 
from Vantage Pro2 Weather Station. Once can observe that the pattern of solar energy available at 
northern of Peninsular Malaysia which received about 7 hour per day of sunshine. Through these seven 
months, the highest of solar energy recorded at Cluster EEIES was in April 2011 with 0.5782MJ/m2 while 
the lowest recorded in this station was in June 2011 only 0.4215MJ/m2. The electrical energy absorbed by 
PV panel on April 2011 is presented below: 
 
 
Fig 4. Total energy absorb by PV cell, Ec 
 
The produced energy grows rapidly in the afternoon because solar radiation is larger at that time. One can 
notice that an increasing solar radiation, proportional to the electrical energy. 
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Fig 5. Solar irradiance
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Conclusion 
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